Currently, the use of alternative energy ingredients for horses has increased because these foods contain "superfibers", making safer diet for these animals. To study the influence of diets containing increasing levels of citrus pulp on albumin, triglycerides, cholesterol, glucose, insulin and short chain fatty acid (SCFA) concentrations in the blood, five animals were used, with an average age of 3.5 years and a live weight of 460.66±76.86 kg, they were fed twice a day, at 7:00 am and 4:00 pm. The diets were formulated to meet the requirements of the animals at maintenance. 60% of the energy was obtained from forage, and 40% from concentrate, containing the following inclusion levels of citrus pulp (0, 7, 14, 21 and 28%). The area under the curve (AUC) and the glucose and insulin peaks were calculated, and no differences were observed between the treatments. There was no effect of diet on the blood concentrations of the evaluated parameters tested, and there was no effect of the time of collection on the following variables: SCFAs, cholesterol, triglycerides and albumin. However, the diet did have quadratic effect on the glucose (Ŷ =-0.5327X²+4.2130X+84.5276) and insulin (Ŷ=-0.1002X² +0.8233X + 1.6336) concentrations. Up to 28% of the concentrate can be composed of citrus pulp in horse diets without causing any alterations on the concentrations of the parameters analyzed in the blood. High-fiber diets with easily fermentable fibers are beneficial because they maintain the glucose and insulin curves close to the baseline levels.
INTRODUCTION
The horse is a non-ruminant herbivore capable of meeting most or all of its nutritional demands by ingesting forage Furtado, 2009) . This species utilizes the fiber fraction of the diet because it has microflora in the cecum and colon that is capable of digesting fiber similarly to ruminants (Frape, 2008) .
To maximize the growth and productivity of horses, diets with high percentage of grains have been used in feeding these animals (Oliveira et al., 2003) . The disadvantage of a high-grain diets its high concentration of starch, which is currently not recommended for equines (Vervuert et al., 2004) because high starch can lead to metabolic disorders such as colic and laminitis (Hoffman et al., 2001 ).
Ciênc. Agrotec., Lavras, v.38, n.6, p.589-597, nov./dez., 2014 To make the diet safer, grain is being replaced by ingredients containing "super fibers", as they are alternative high-energy ingredients for horses (Duren, 2000) . These ingredients include citrus pulp, beet pulp and soybean hull (Furtado et al., 2011) . According to Bampidis and Robinson (2006) , citrus pulp has structural carbohydrates that are highly and quickly fermented, which makes them readily available for the animal (Rocha Filho et al., 1999) .
Energy metabolism can be divided into two main metabolic pathways: glucose metabolism and lipid metabolism (Mcardle, 2001) . The normoglycemia of the horse is maintained by two predominant metabolic pathways: carbohydrate intake and gluconeogenesis, predominantly using propionate (Frape, 2008) . Diets with high concentrate concentrations or diets with processed concentrates result in higher glucose and insulin curves and indices (Gobesso et al., 2009) , where as when no fiber is added to the diet, there are lower glucose curves and no peaks (Staniar et al., 2007) , which indicates that this diet benefits the horse's metabolism. Vervuert et al. (2004) , working with six horses fed corn processed in different ways (finely ground, steamed, micronized, steam-flaked and popped), evaluated the effects of the processing techniques on plasma glucose and insulin, but the treatments had no effect on the analyzed parameters, indicating that the glucose and insulin absorption is determined by the Area Under the Curve (AUC), which represents the total amount of glucose or insulin absorbed during a specific time interval. The larger the AUC, the higher the glycemic index of the feed (Pi-Sunyer, 2002 ).
The energy metabolism can be evaluated by some blood variables, such as triglycerides, cholesterol and short chain fatty acids (SCFAs) (Wittwer, 2000) .
The microorganisms in the cecum and colon breakdown the fiber in the feed and convert it to SCFAs including acetic, propionic, lactic, isobutyric, butyric, isovaleric and valeric acids, which are responsible for supplying 30 to 70% of the total energy requirements of horses, depending on whether the diets have a higher fiber content or a higher soluble carbohydrate or starch content (Lewis, 2000) . SCFA transport is performed using albumin, a plasma protein synthesized by the liver (Lehninger, 2006) .
There are very few studies on the actions of fibers in the energy metabolism of horses. Triglycerides and cholesterol are routinely evaluated in experiments using oil in the diet (Hiney and Potter, 1996) . Soluble fiber may be responsible for the increase in intestinal transit time and is related to the reduced gastric emptying time (Buffington, 2003) , there by increasing insulin sensitivity and promoting lower glycemic responses (Braga, 2008) . Hodge et al. (2004) suggested that fiber offers human health benefits because it increases the number of insulin receptors, there by stimulating the use of glucose, decreasing the release of counterregulatory hormones (glucagon) and lowering the fasting and postprandial serum levels of cholesterol and triglycerides.
According to Thomas et al. (1991) , Demarco et al. (1999) , Jenkins et al. (2002) and Jiménez-Cruz et al. (2004) , fiber intake leads to a slower and more prolonged increase in blood glucose levels, thus keeping the glucose levels more constant during rest or exercise. In turn, the intake of high glycemic index feeds results in a quick and marked increase in blood glucose, which leads to the secretion of large amounts of insulin, which could lead to hypoglycemia (Burke et al., 1993) .
In humans, the intake of low glycemic index feeds leads to a lower release of postprandial plasma insulin, thus favoring the oxidation of fat over carbohydrates, there by resulting in a higher availability of SCFAs (Cocate et al., 2008) . Behall et al. (1997) , Kerckhoffs et al. (2003) and Behall et al.(2004) demonstrated that diets supplemented with oat meal and barley promoted a significant decrease in total serum cholesterol in hypercholesterolimic humans, mainly due the action of β-glucans found in these foods, which can increase the synthesis of bile acids and reduce cholesterol absorption, there by leading to lower blood cholesterol.
The goal of this study was to evaluate the effects of diets that included different levels of citrus pulp on blood parameters related to energy metabolism in horses.
MATERIALS AND METHODS
The experiment was performed at the Horse Breeding Facility of the Pirassununga Campus. Five mixed-breed mares with a mean age of 3.5 years and a live weight of 460.6±76.86 kg were used in the study, these animals were housed in individual stalls.
The 5x5 Latin square design was used (five animals, five treatments and five replicates). The experimental diets were formulated to meet the requirements of horses at maintenance as described by the Nutrient Research Council (NRC, 2007) ; 60% of the energy came from the forage (Coast Cross hay), and 40% came from the concentrate, which contained increasing levels of citrus pulp (Tables 1 and 2) . Were used three different hay during the experiment, during the first period and the second was used hay 1, hay 2 was used third period and for the fourth and fifth period hay 3 was used. The animals were fed twice a day, at 7:00 am and 4:00 pm. The diet adaptation period was seven days, followed by one day for blood collection, which took place before feeding and 1, 3, 6 and 9 hours after feeding.
Continue... Ciênc. Agrotec., Lavras, v.38, n.6, p.589-597, nov./dez., 2014 The blood samples were taken by jugular venipuncture, using vacuum collection tubes with no anticoagulant to determine albumin, triglyceride and cholesterol levels.Vacuum collection tubes with sodium fluoride were used for the glucose and insulin samples, and vacuum collection tubes with heparin were usedfor the SCFAs. After collection, the samples were sent to the laboratory, where they were centrifuged, and the serum and/or plasma was removed and placed in labeled Eppendorf ® tubes. To determine the levels of the biochemical variables (glucose, insulin, cholesterol, triglycerides and albumin), Laborlab ® kits were used, and the samples were read in a semi-automatic spectrophotometer (Bio-2000) . To determine the insulin variable, was used biochemical Roche Diagnostics ® kit, using the technique of electrochemiluminescence.
In the determination of SCFAs, the serum was centrifuged at 1500rpm for 10 minutes; subsequently, 1 ml of the supernatant serum was moved to a 10 ml test tube, to which 5 ml of ethanol was added. The sample was again centrifuged at 3000 rpm for 10 minutes. After the sample was removed from the centrifuge, the supernatant was transferred to a 10 ml test tube containing 40 µl of 1 mM NaOH (sodium hydroxide). The tube was place in a forced ventilation oven at 60°C until completely dry; then, the residue in the tube was dissolved in 99% formic acid. Finally, 1 ml of distilled water was added for reading in a gas chromatograph.
The AUC concentrations were calculated using the trapezoidal rule (Gibaldi and Perrier, 1982) for plasma glucose and serum insulin concentrations, excluding the area under the baseline values (fasting).
The blood variables of glucose, cholesterol, triglycerides, albumin and SCFAs were evaluated by a linear mixed model that includes the effects of the diet, the time of collection and the interaction between the factors, considering that the measurements were repeated in the same experimental unit (animals fed each diet). The results were analyzed using the Statistical Analysis System software (SAS, 2004) . 
RESULTS AND DISCUSSION
There was no effect (P>0.05) of the diets on the blood concentrations of glucose, insulin, SCFAs, cholesterol, triglycerides and albumin ( Table 3 ). Diets that maintain the glucose and insulin curves closer to baseline values have been sought to avoid the development of insulin sensitivity (Braga, 2008) , in addition to keeping the equine diet safer by removing starch (Vervuert et al., 2004) and introducing easily fermentable fibers (Duren, 2000) .
When the horses were fed a diet in which 75% of the dry matter was obtained from forage and 25% was obtained from concentrate, great variations in blood glucose, blood insulin and blood concentrations of cholesterol, triglycerides and SCFAs were not expected. Agreeing with Santos (2009) 
which states that the fibers
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Ciênc. Agrotec., Lavras, v.38, n.6, p.589-597, nov./dez., 2014 have beneficial features such as: delay gastric emptying and intestinal transit, increase the absorption of water (reducing the occurrence of diarrhea), increase glucose tolerance and decrease the levels of total cholesterol.
The study of SCFAs, triglycerides and cholesterol can predict the energy metabolism of the animal. Given that in the present study the animals were fed to meet maintenance requirements, energy deposition was not expected, this result was confirmed because the animals maintained their weight during the study, and there was no alteration of lipid metabolism. The stability of these parameters is already an indicator of the possibility of substituting the traditional wheat bran for citrus pulp in the diets.
Studies of the effects of fiber on blood parameters analyzed in this work are scarce, thus justifying the data discussion with other species such as humans and ruminants.
As a small percentage of easily fermentable fibers were used in the diet (up to 28% of the concentrate), there were no changes in the blood concentration of SCFAs. There are few studies on the blood concentration of this parameter; however, Lewis (2000) stated that SCFAs are responsible for providing 30 to 70% of the total energy requirements of horses. There was no effect of the diet on blood SCFA concentrations, possibly due to the similarity of the composition of the diets; both the diet containing wheat bran (beta-glucan source) (Oakenfull and Topping, 1987 and Stevenson et al., 2012) and the diet with citrus pulp (pectin source) (Hall et al., 1999; Miron et al., 2001; Muller and Prado, 2005) had easily fermentable fibers that may have had the same effects on the microorganisms in the hindgut, promoting a similar fermentation profile.
Maintaining the SCFA concentrations may have also reduced the effects of the diet on the serum concentrations of albumin, as this protein is responsible for transporting SCFA in the blood. Furthermore, offering a balanced diet kept the animals nourished, as serum albumin variation is also an indicator of protein deficiency (Wittwer et al., 1987) , which was not observed in the present study.
As there was no variation in the SCFA concentrations, maintenance ofthe serum levels of triglycerides and cholesterol was expected. All the values obtained in this study agree with the literature regarding blood concentrations of such parameters to equines (Rey et al., 2001; Radostitis et al., 2002; Dugat et al., 2011) .
Some factors may have influenced this stability, such as a higher percentage of forage in the diet and the presence of soluble fibers, which may have contributed to an increase in the synthesis of bile acids and reductions in cholesterol and triglyceride absorption, which could result in the stability of these plasma variables (Kerckhoffs et al., 2003) , aside from the fact that easily fermentable fibers and cellulose are hypocholesterolemic agents (Judd and Truswell, 1982; Anderson et al., 1998) .
Another relevant point is that there was a low percentage of ether extract in the diet of this study (average of 1.69%), which may have contributed to the non-stimulation of this energy-generating pathway.
The predominance of fiber observed in the present study may have helped to delay gastric emptying (Capito and Filisetti, 1999) , which may have contributed to keeping low levels of cholesterol, glucose and insulin.
The use of a diet with low levels of corn in the present study, to meet the recommendations of Vervuert et al. (2004) regarding the level of starch intake, in addition to the equivalence in the formulation of the experimental concentrates, may have contributed to the absence of effects of the diet on blood glucose and blood insulin. Furthermore, the diets were formulated with minimum levels of corn (average of 58.73%, table 1), which may also have contributed to this lack of an effect. As already mentioned, using 75% dry matter from forage may also have somewhat influenced this result. There was no effect (p>0.05) of the time of collection on the SCFAs, cholesterol, triglycerides or albumin (Table  4) , but there was an effect (p<0.05) on glucose and insulin (Table 4) . As predicted, there was an effect of the time of collection (p<0.05) on blood glucose and insulin. There was a quadratic effect (Table 4) , which indicates that there is a postprandial increase and a return to values closer to the baseline eight hours after feeding. This prolonged period of glycemic and insulinemic stability at higher levels of citrus pulp can be considered beneficial, as it contributes to a constant energy supply between feedings, as observed by Thomas et al. (1991) and Demarco et al. (1999) . According to those authors, fiber intake causes a slower and more prolonged increase in the blood glucose concentration, which favors maintaining the blood glucose at more constant levels during rest or exercise. Teixeira Neto (2003) and suggested that diets rich in fiber have low glycemic indices, which can reduce calorie intake in subsequent feedings due to the amount of glucose absorbed by the animal.
This consistency in energy supply can be proven by the absence of dietary effects on the peaks and AUC of glucose and insulin (p>0.05). The values obtained by the plasma glucose and insulin peaks contradict those observed by Witham and Stull (1998) who reported that in horses, plasma glucose peaks were observed 2 to 3 hours after feeding, and insulin peaks were observed between 3 and 4 hours after feeding. Such a difference can be attributed to the action of the fibers.
There was no effect of the diet (p>0.05) on the AUC or the glucose or insulin peaks (Table 5 ).This consistency in energy supply can be proven by the absence of dietary effects on the peaks and AUC of glucose and insulin (p>0.05). The values obtained by the plasma glucose and insulin peaks contradict those observed by Witham and Stull (1998) who reported that in horses, plasma glucose peaks were observed 2 to 3 hours after feeding, and insulin peaks were observed between 3 and 4 hours after feeding. Such a difference can be attributed to the action of the fibers.
The intake of low glycemic index foods may have led to a lower postprandial plasma insulin release, favoring the oxidation of fat instead of carbohydrates, resulting in a higher availability of SCFAs (Cocate et al., 2008) , which was not observed in the present study.
The fluctuations between peak and resting levels vary according to the type of diet: diets with more grains and less forage cause higher peaks and reduced decreases (Ralston and Baile, 1982; Guezennec et al., 1995) . This trend was not observed in this study due to the predominance of forage in the diet. Table 4 -Effect of blood collection time on the variables (SCFAs (mmol/L), cholesterol (mg/dl), triglycerides (mg/ dl), albumin (g/dl), glucose (mg/dL), and insulin (μU/ml)).
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CONCLUSIONS
Citrus pulp is a promising ingredient, and it can represent up to 28% of the concentrate for horses without causing any alterations in blood glucose, insulin, cholesterol, triglycerides and SCFAs.
Diets that are rich in fiber and have ingredients with easily fermentable fibers offer benefits to equine diets because these diets maintain the blood glucose and insulin curves close to baseline and delay the postprandial glucose decrease.
